Background {#Sec1}
==========

World Health Organization (WHO) has predicted a worldwide rise in the prevalence of diabetes mellitus (DM) that is expected to affect 300 million people by 2025 \[[@CR1]\]. This increase is more important in developing countries particularly in sub-Saharan Africa because of adding to the burden of infectious diseases plaguing the region. Cote d'Ivoire is not exempted as evidenced by such factors as obesity and sedentary life style. An additional possible consideration is that as authorities tackle previously endemic childhood infections and malnutrition, more children are likely to survive into adulthood and may develop diabetes if the other risk factors predominate. In 2006, the International Federation of Diabetes (IDF) estimated the number of children with type 1 diabetes to be 440 000, with an annual increase of 3 % per annum and 70,000 newly diagnosed cases per year \[[@CR2]\]. Recent data of type 2 diabetes show increase in several parts of the world also \[[@CR2]\]. In USA, 15,000 youth are diagnosed with type 1 diabetes annually and 3700 with type 2 diabetes \[[@CR3]\]. Individuals aged between 20 to 79 years with DM will reach approximately 812.9 thousand in Cote d'Ivoire in 2030 as predicted by IDF \[[@CR2]\]. Previous Ivorian studies on prevalence of DM were mainly hospital based including few local surveys in schools \[[@CR4]\]. There has been no prevalence study of DM in children and adolescents conducted in the community, hence a need to target a large number of subjects and also collect the data in a "real life" community based setting.

Therefore, this study aimed to determine the prevalence of the DM among children and adolescents in the district of Abidjan in order to provide data for possible early public health intervention.

Methods {#Sec2}
=======

This was a cross-sectional study, carried out in Abidjan, the economic capital of Cote d'Ivoire, a cosmopolitan town inhabited by one fifth of the country's population who come from different parts of the Cote d'Ivoire and West Africa. Abidjan has approximately 2,953,018 inhabitants and is divided into 13 communes and each commune is divided into neighbourhoods. The study was conducted during the period of Easter Holidays from March 29 to 04 April, 2013, by 18 teams (i.e., 2 people per team with 1 interviewer and 1 health worker) and 3 supervisors across the selected communes. The study teams had a one-day training on collection of data from children and adolescents using the survey instruments and the glucose meter for the fasting blood glucose by the principal investigator and a specialist in demography.

Ethical approval was obtained from the National Ethics and Research Committee of Cote d'Ivoire before commencement of the study.

Sample size determination {#Sec3}
-------------------------

The calculated minimum sample size was 1422. A multi-stage sampling was used to determine the population of the survey. At the first stage, three communes were chosen on the basis of the size of the highest population according to the last General Census of Population and Habitat (RGPH 1998). The communes selected are: (i) Yopougon (1039 198 inhabitants, 45 % of children 2--19 years or 467,249), (ii) Abobo (963,703 inhabitants, 46.8 % of children aged 2--19 years or 451,201) and (iii) Cocody (380,115 inhabitants, 39.4 % of children aged 2--19 years or 149,893).

At the second stage, a systematic sampling random was conducted in each commune to select 3 neighborhoods. On the basis of the list containing all the neighborhoods (INS), each of them was assigned a number. The sampling interval k was calculated by the formula N/n (the sample size is: *n* = 3 and N is the number of neighborhoods). A starting point was selected at random from the randomly selected excel numbers. The next neighborhood is 1 + k. The nine neighborhoods selected were: (i) Abobo commune: Abobo Baoule Anonkoi-Kouté, Sogefia Habitat; (ii) Cocody coomune: Sopim Valleys, Angre, Deux Plateaux II; (iii) Yopougon commune: Yopougon Kouté Sogefia Kouté Andokoi.

At the third stage, households were randomly selected. Inside of each neighborhood, one islet or zone was identified randomly. On entering the street of the islet, one house was selected by a draw and after that the subsequent household was selected using a sampling interval of 2. A directional right approach was identified starting from the randomly chosen household 1; continuing taking the 1 + k (*K* = 2) household on this direction. At the end of the street, the right turn was maintained and the interviewers continued to pick houses on the right.

If there were no residents between 2 and 19 years of age in the selected household or the selected resident did not agree to participate in the survey, the household was replaced with a household nearby. If there are no household on this direction, the interviewer targeted the household which has the nearest door to the last household interviewed. Recruited subjects were children and adolescents aged 2--19 years in whom written parental consent and accent were obtained. Sick children or children previously diagnosed with diabetes were excluded.

Two meetings were arranged, one, the day before to explain the purpose of the study and obtain the consent and, the participants were asked to remain in a fasting at least for 8 h for the next day.

Data collection {#Sec4}
---------------

The questionnaire was tested by a pilot survey in the community. A wide range of information including demographic characteristics, family characteristics and personal medical histories were collected. Other information collected included the diet the day before the blood glucose test. Questionnaire was also used to collect additional information for blood testing.

The fasting plasma glucose was performed for all participants with the glucose meter Accu-Chek Active according to the manufacturer's instructions \[[@CR5]\]. The Accu-Chek Active system meets the ISO 15197 requirements because it uses finger-stick capillary whole blood sample which is set to plasma serum standard and shows result in plasma glucose values. Capillary blood from a finger puncture was immediately analysed for fasting blood glucose (FBG) for all participants and the results filled in the questionnaire and also communicated to the participant and family on site.

Participants identified with impaired fasting glucose (IFG) were referred to the National Institute of Public Health (INSP) for further evaluation by Oral Glucose Tolerance Test (OGTT) where blood glucose was measured in the laboratory by hexokinase enzymatic method while those diagnosed with diabetes were referred for expert management.

The definition for IFG, impaired glucose tolerance (IGT) and diabetes was based on the criteria of American Diabetes Association (ADA) \[[@CR6]\] and International Society for Pediatric and Adolescent Diabetes (ISPAD) \[[@CR7]\]. Diabetes was diagnosed if *FPG was ≥7.0 mmol/l (126 mg/dl)* or *2 h- post glucose (h PG) was ≥ 11.1 mmol/l (200 mg/dl).* A subject was classified as having IFG if FPG is between *5.6--6.9 mmol/L* with *2hPG \<7.8 mmol/*l after OGTT and IGT if 2hPG after OGTT was between 7.8--11.0 mmol/l with FPG (\<5.6 mmol/l(100 mg/dl) respectively \[[@CR6], [@CR7]\]. The OGTT was performed as described by WHO, using anhydrous glucose of 1.75 g/kg of body weight to a maximum of 75 g dissolved in water \[[@CR8]\].

Data analysis {#Sec5}
-------------

All the data were entered by using the CSPro software. Results were analyzed with SPSS 16. Data are presented as counts, frequencies and percentages. Chi-square analysis was used to compare differences between proportions. Fisher's exact test was used to determine statistical significance when small numbers of patients were involved in analysis. Probability (*p* value) of \<0.05 was taken as statistically significant.

Results {#Sec6}
=======

Household characteristics {#Sec7}
-------------------------

A total of 687 households were sampled in the survey and complete data were collected on 1572 participants aged 2--19 years. Table [1](#Tab1){ref-type="table"} shows the distribution of the households in the selected communes. Fewer households (21.8 %) were visited in Yopougon because of availability of large numbers of eligible children. In contrast, almost double that number of households were visited in Coccody and Abobo (40.2 % and 38 % respectively). The household sizes are also shown in Table [1](#Tab1){ref-type="table"}. Majority of the households were made up of between 5 and 10 members. In up to 13.8 % of households, more than 10 occupants lived under the same roof.Table 1Distribution of households by selected socio-demographic characteristicsSocio-demographic characteristics of householdPercentage (%)FrequencyCommuneYopougon21.8150Cocody40.2276Abobo38.0261Area of residenceKouté village6.645Andokoi6.847Sogefia-Kouté8.458Sopim-Vallon13.0892 Plateaux 214.7101Angré12.586Abobo Baoulé12.586Anonkoi-Kouté14.499Sogefia-Habitat11.176Household sizeLess than 5 persons25.5175Between 5 and10 persons60.7417More than 10 persons13.895

Socio-demographic characteristics of the parents of surveyed children and adolescents were reported by age, education, religion, ethnicity or nationality and history of diabetes as shown in Table [2](#Tab2){ref-type="table"}. The majority of the participants' mothers were aged between 25 and 49 years (78.7 %). In terms of the fathers, approximately 56.5 % were between 25 and 49 years. Data on the educational level of the parents showed that a small proportion (11.8 %) of them reached the level of higher education. When doing a comparison between the level of education and sex of parents, it was observed that the proportion of mothers who have reached this level of education is very low (5.1 %), while for the same level, fathers had better rates. Indeed, they represented three times (18.5 %) the frequency of mothers. In addition, it was also noted that the proportion of uneducated mothers (36.5 %) is twice that of fathers in the same situation (18.9 %).Table 2Socio-demographic characteristics of parents of children and adolescentsDemographic characteristics of parentsFatherMotherTotalPercent (%)FrequencyPercent %FrequencyPercent %FrequencyAge20 - 24 years0.114.9342.53525- 29 years2.31616.01109.212630 - 34 years11.17622.915717.023335 - 39 years13.79419.513416.622840 - 44 years16.411312.78714.620045 - 49 years13.0897.65210.314150 - 54 years13.7944.7329.212655 - 59 years4.9341.6113.345≥60 years6.1421.073.649^a^IDK (I don't know)18.61289.2631.9191Level of EducationNone18.913036.525127.7381Primary21.014426.918523.9329Secondary29.520324.616927.1372tertiary18.51275.13511.8162No formal education3.9272.9203.447^a^IDK8.1563.9276.183ReligionChristianity57.539561.742459.6819Islam35.424334.123434.7477Animist1.6110.110.912No religion2.3161.7122.028Other religion0.960.750.811^a^IDK2.3161.6112,027Ethnicity or NationalityAkan35.224240.227637.7518Krou7.6527.3507.4102Mandé du Nord10,27010.06910.1139Mandé du Sud7.9548.3578.1111Gur7.4515.4376.488ECOWAS27.719025.217326.4363Other African0.751.070.912Other continent1.070.750.912IDK2.3161.9132.129Diabetic historyDiabetes3.2221,9132,535No diabetes35.524438,026136,8505IDK61.342160.141360.7834Actual OccupationNo occupation3.8281.072.535Farmer employer5.5380.433.041Farmer employee0110.000.11Trader11.1763.,325624.2332Professional, Technician, Officer23.31608.45815.9218Service men8.4580.434.461skilled worker2.0140.431.217Unskilled worker2.8190.431.622Clerc2.3160961.622Housewife0.0037.725918.9259Student0.751.5101.115Others34.42369.06221.7298IDK3.83612173.953^a^ *IDK* I don't know

Table [2](#Tab2){ref-type="table"} also showed that the main religions practiced by the parents are Christianity and Islam with a predominance of Christian religion. The table also showed that the major ethnic groups and other nationalities living in Côte d'Ivoire were well represented. In terms of specificities, there is a dominance of the Akan people. Thus, 37.7 % of parents (35.2 % of fathers and 40.2 % of mothers) belong to this ethnic group of Côte d'Ivoire. This was followed closely by a group which includes all expatriates of the Economic Community of West African States (ECOWAS) in Côte d'Ivoire.

Approximately 2.5 % (3.8 % for fathers and 1.0 % of mothers) reported not having any occupation. In addition, other parents (0.7 % of fathers and 1.5 % of mothers) of respondents were still students. Overall, fathers were more occupied in the formal sector than mothers. Considering the occupation of the mother, the study noted that 37.3 % of mothers had a business trade compared with only 11.1 % fathers while 36.2 % of mothers are housewives. Concerning family history of diabetes, 2.5 % of parents have diabetes, 3.2 % among the fathers and 1.9 % among the mothers as shown in the table.

The age and sex distribution including the educational level of the children and adolescents surveyed are shown in Table [3](#Tab3){ref-type="table"}. Out of the total of 1572, there were 690 (43.9 %) males and 882 (56.1 %) females giving a male: female ratio of 1:1.28. Majority of the respondents were students and those with no educational attainment were those not yet enrolled in school and those who dropped out of school as shown in the table.Table 3Socio-demographic characteristics of surveyed children and adolescentsDemographic characteristicsMaleFemaleTotalPercent %FrequencyPercent %FrequencyPercent %FrequencyAge2 - 9 years55.138043.037948.375910 -19 years44.931057.050351.7813Level of EducationNone18.712925.422422.5353Preschool5.9415.3475.688Primary50.334743.138046.2727Secondary22.815723.620823.2365Tertiary1.070.760.813No formal education1.390.0171.626

Glycaemic profile of respondents {#Sec8}
--------------------------------

Table [4](#Tab4){ref-type="table"} shows that majority of the study subjects (85.1 %) had their blood glucose between 60 mg/dl and 100 mg /dl while 14.5 % had impaired fasting glucose. Only 6 patients had fasting blood glucose was greater than 126 mg /dl at screening giving a prevalence of approximately 0.4 % (4/1000). Further testing of patients with IFG by OGTT test was performed only in ten people (0.44 %) who kept the appointment given for the administration of the test at the National Institute of Public Health. No impaired glucose tolerance was identified in this population of children after the OGTT.Table 4Distribution of participants according to the glycemic profile (ISPAD guidelines^7^)Glycemic profile of respondentsMaleFemaleTotal%Frequency%frequency%frequencyNormal fasting glycemia83.357586.576385.11338Impaired fasting glycemia16.111113.311714.5228Diabetes Mellitus0.640.220.46

Table [5](#Tab5){ref-type="table"} shows the relationship between the glycaemic profile of the study subjects and ethnicity/nationality, sex, age group, area of residence and size of households. There was no significant differences between patients with different glycemic status in terms of ethnicity/nationality (*p* = 0.98) or gender (0.079). With respect to the areas of residence, the areas were classified into urban versus rural and the glycaemic profile classified as normoglycaemic versus hyperglycaemic (IFG &DM). In the rural areas, 565 (81.1 %) subjects were normoglycaemic and 132 (18.9 %) subjects hyperglycaemic while there were 773 (88.3 %) normoglycaemic subjects and 102 (11.7 %) hyperglycaemic subjects respectively from the urban areas of residence and this difference was statistically significant(*p* = 0.000). The prevalence of diabetes mellitus was identical (0.4 %) in the two age groups (2--9 years and 10--19 years) studied as also shown in Table [6](#Tab6){ref-type="table"}.Table 5Glycemic profile distribution by ethnicity or nationality, sex, age and area of residenceCharacteristics of RespondentsGlycemic ProfileTotalNormal fasting glycemiaImpaired fasting glycemiaDiabetes MellitusEthnicity or nationalityAkan86.013.60.4523Krou86.613.40.0142Mandé du Nord82.716.80.5220Mandé du Sud84.714.50.8131Gur84.315.70.0134CEDEAO86.413.00.6361Other African100-00.00.06Other continent83.316.70.018IDK70.329.70037SexMale83.316.10.6690Female86.513.30.2882Age2 -9 years88.011.60.475910 -19 year82.417.20.4813Area of residenceYopougon82.916.90.2556Cocody88.818.10.2519Abobo83.316.30.4497 Table 6Relationship between glycemic profile of the children and diabetes in a parentGlycemic ProfileFather diabeticMother diabeticTotalPercent (%)FrequencyPercent (%)frequencyPercent (%)FrequencyNormal fasting glycemia83.14980.02482.073Impaired fasting glycemia16.91020.0618.016Diabetes Mellitus0.000.000.00

The different groups of food according to the glycaemic index consumed by the children and adolescents the day before the test in relationship to the glycemic profile is shown in Fig. [1](#Fig1){ref-type="fig"}. It is obvious that there was no significant difference in the glycemic index of food consumed by the different participants.Fig. 1Distribution of respondents according to their glycemic status and the food consumed the day before the survey

The results of the study also showed that 77 (4.9 %) children who participated in the study had at least one diabetic parent. The proportion of participants with a diabetic father (59,3.8. %) was twice the proportion with a diabetic mother (30,1.9 %) and this was statistically significant (*p* = 0.002).

Table [6](#Tab6){ref-type="table"} showed the relationship between glycaemic profile of the subject and history of diabetes in the parents. Among the study subjects with a diabetic parent, none was diabetic but as much as 18 % of them had IFG.

Discussion {#Sec9}
==========

The case prevalence of diabetes among the children and adolescents in the present study was 0.4 %, (4 per 1000). This was comparable to a Tunisian study by Ghannem et al \[[@CR9]\] which reported a prevalence of 0.4 % amongst school children aged 13--19 years. However the observed prevalence is slightly higher than a prevalence of 0.3 % documented in a similarly designed Iranian study by Chakhadi et al. \[[@CR10]\] among elementary school children though the age range in that study was between 6 to 12 years \[[@CR10]\]. The prevalence was also higher than a rate of 3.2 per 1000 of diabetes among U.S. children aged less 18 years of age from data released from the National Survey of Children's Health(NSCH) \[[@CR3]\]. The prevalence in the US study \[[@CR3]\] could have been under-reported because the NSCH used random-digit dialing to recruit and survey households and obtained parental response on whether the child had been diagnosed with diabetes. Similarly, the prevalence in the present study was also higher than a prevalence of 109.5 per 100,000 (1.095 per 1000) documented in a Saudi-Arabian questionnaire based study on type 1 DM by Al-Herbish et al. \[[@CR11]\]. An added difference may be because only type 1 DM patients were reported in Saudi-Arabian study \[[@CR11]\]. The prevalence rate in the present study was also higher than a case prevalence of 0.33/1000 in a South-Eastern Nigerian population based study by Afoke et al. \[[@CR12]\] among school children aged 5--17 years. However an earlier report in Cote d'Ivoire by Abodo et al. \[[@CR4]\] reported a higher prevalence rate of 2.1 % among paediatric hospital admissions. In contrast, some other hospital based prevalence rates which ranged from 0.33-2/1000 reported in studies from South-East \[[@CR13]\], South-South \[[@CR14]\] and North-Western \[[@CR15], [@CR16]\] Nigeria, respectively were lower compared to the index study. The lower prevalence rates may be related to the population and also the fact that those studies \[[@CR13]--[@CR16]\] mainly involved children with type 1 DM. Conversely, another hospital based prevalence rate of 10.1/1000 in North-Central Nigeria by John et al. \[[@CR17]\] was noted to be higher. It is also important to note that the low turn-out of only 0.44 % of the subjects with IFG for a follow-up OGTT may have contributed to a lower prevalence of diabetes in the present study compared to the reports by Abodo et al. \[[@CR4]\] and John et al. \[[@CR17]\] This poor response rate may have been due to the distance between the hospital and the residences coupled with the fact that limited financial resources in the index study could not support the transport of parents and their children to the referral centre.

With regards to age and gender, there were no significant differences as has been observed in other studies \[[@CR3], [@CR9]--[@CR11], [@CR15], [@CR17]\]. Even though the number of the subjects diagnosed with diabetes in the present study is small, it is however noteworthy that the male: female ratio of the diabetic subjects was 2:1 similar to a significant male preponderance of 3:1 in the study by Afoke at al and 1:0.6 by Adeleke at al respectively \[[@CR12], [@CR16]\]. There was no statistical difference between the different ethnic groups and nationality in the present study in contrast to the US epidemiologic study \[[@CR3]\] which documented significant differences in that non-Hispanic white children who had a substantially higher prevalence of diabetes (3.8/1000) compared with other racial and ethnic categories (2.2/1000) \[[@CR3]\]. Likewise the South-East Nigerian survey also reported significant differences among different locations even within the same Igbo ethnic group \[[@CR12]\].

More participants who had deranged blood glucose lived in the rural areas of residence compared to urban areas of residence. This has also been noted by an Indian study by Rathod et al. \[[@CR18]\] highlighting the fact that diabetes which was erstwhile associated with urban lifestyle is also becoming prevalent in the rural population. This may be because the rural masses are gradually adopting urban ways of living, feeding and sedentary lifestyles. The implication of this is that prevention campaigns and programmes should also target the rural areas of residence.

The increased proportion of diabetic fathers compared to diabetic mothers observed in the current study is similar to other reports from Ghana, Nigeria and Sierra Leone all in West Africa \[[@CR19]--[@CR22]\] and rural areas of the United Republic of Tanzania \[[@CR23]\] which documented higher prevalence rates of diabetes mellitus in men than women in the same study areas. A United Kingdom report \[[@CR24]\] stated that men aged 35--54 are almost twice as likely to have diabetes compared to their female counterparts. As noted in the present study, more than half of the fathers were in this age group of 35--54 years which could have also accounted for the male preponderance. A meta-analysis by Hilawe et al. \[[@CR19]\] indicated that men who lived in the low-income countries of sub-Saharan Africa were more likely to be diagnosed with diabetes mellitus than the corresponding women. This difference between the sexes may be a consequence of differences between men and women in the distribution of risk factors for diabetes mellitus (e.g. obesity, physical inactivity, poor diet and smoking, etc.) in low-income countries \[[@CR19], [@CR25]\] coupled with the possibility of women in low-income countries having particularly poor access to health-care services and therefore little chance of being diagnosed with diabetes \[[@CR19]\]. The implication of increased diabetes in men in the current study is that in many sub-Saharan African countries, men are the bread-winners and affectation by a chronic illness like DM can impact negatively on the health of the child by reducing the father's productivity or even more seriously, the life expectancy.

The literacy level of the mothers in the present study was also noticed to be quite low compared with the fathers. This may affect the children's health because studies have shown a strong link between the well-being of women & children and the educational level of the women \[[@CR26]\]. Educated mothers have access to information, are socially and economically empowered thus breaking the vicious cycle of poverty, ignorance and disease.

Limitations {#Sec10}
-----------

The limitation of the study was the inability to perform OGTT on all the patients identified with IFG which may have affected the number of confirmed diabetic cases. Future studies are also needed in which anthropometry, insulin resistance and antibody testing can be assessed in the children diagnosed with diabetes to determine the specific type of diabetes and definitive epidemiological classification.

Conclusion {#Sec11}
==========

The case prevalence of diabetes among the children and adolescents in the present study was 0.4 %. There was no significant differences between patients with different glycemic status in terms of ethnicity/nationality, gender or the two major age groups studied. Significantly more subjects were seen with hyperglycaemia from the rural areas compared to the urban areas. Impaired fasting glycaemia was seen in 14.5 % of study participants. A sizeable number of study subjects had diabetic parents with fathers being more affected than mothers. The literacy level of the parents in the study was low with mothers being affected than fathers.

Nationwide awareness campaigns about diabetes in childhood should be instituted and where already existent should be intensified so that the populace is educated appropriately regarding the signs of the disease and prevention strategies where applicable. With the IDF's prediction of increase in incidence of diabetes in Cote d'Ivoire by 2030, adequate commitment from the relevant stakeholders especially the country's ministry of health is advocated to stem this looming epidemic.
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